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Abstract
Agriculture became the focus of the European Union's climate
policy, and can be said to one of the most contradictory of the
newly regulated sectors (constructed environment, transportation,
waste management). This sector is responsible for the highest
amount of emission regarding the two most dangerous
greenhouse gases (N2O, CH4), which have a very high amount of
carbon dioxide equivalent. The regulation topics of agriculture
are an important question in the EU, and have been since a long
time ago, from both an environmental, and an economical
perspective. This is due to the post-WW2 Joint Agriculture
Policy's main agricultural goals (foodstuff safety, and ensuring
that safe food is acquirable) force decision makers to take a
protectionist position, if this sector is involved. This is due to the
fact that the actors of the sector reason how reining the budget in
also makes it harder for them to complete the goals, in case any
action is planned. Technically, even the sector's division into sub-
sectors isn't final, since no definite action was taken to either
include or exclude the LULUCF (Land Use, Land Use Change
and Forestry) sector. The goal of our research is to define low-
carbon (material- and cost-effective) development paths using the
assumed future trends of the Hungarian agriculture, which may
aid the sector in achieving the climate policy goals it was given. 
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1. Introduction
The climate policy of the European Union shows agriculture as an
individual sector to be one of the most contradictory sectors [1]. The
first hardship is the actors themselves, who have to be regulated
somehow, as they appear as a harder-to-count target audience than
the  industrial units which were regulated before. This is due to the
dominant presence of the private sector, which makes it harder to
divide emission resources. Even though this problem plagues many
other sectors as well, which were included in the EU climate policy's
interests after 2012, similarly to agriculture, taking regulatory
actions is the hardest for agriculture [2]. Agriculture became an
important part of the global European thinking's interests, when the
foodstuff safety, and securing safe food became one of the most
fundamental factors of the Joint Agricultural Policy, which grew to
one of the main political priorities of the continent. Ever since then,
economy professionals knew that the competitiveness of the sector
is having problems due to the artificial regulations of today, which
originates from the protectionist handling around it [3]. This
behaviour makes it hard to advocate regulations from a climate
policy perspective. Since any regulatory actions result in the sector's
stakeholders arguing how they would be constricted in aiming to
fulfil the objectives mentioned before [4].
Another important element is the uncertainty around the
LULUCF (Land Use, Land Use Change and Forestry) sector,
which further complicates the already complicated topic. It's
important to note about the LULUCF sector that it has a significant
GHG (greenhouse gas) capturing share [5], which lowers the CO2
balance of various countries. However, it's not under the
jurisdiction of agriculture's regulation policy. This mainly appears
as a disadvantage for countries like Ireland, where most of the
emission results from this sector [6]. Nowadays, these countries
have the main objective of reasoning for the inclusion of
LULUCF, but decision makers still refuse to accept it. The reason
for this is that introducing the system might cause countries with
a high agricultural GHG emission to invest in cheap forestation
projects instead of development projects which would yield more
in-depth innovation and significant emission rate decreases [7, 8].
If we take a look at how Hungary fares, the situation is not as
complicated as for global European processes. Many professionals
think that our country is at the front in the race for completing
GHG reduction goals, and the most significant threat is the unused
potentials causing deadweight [9]. After all, agriculture is not only
an energy consumer, but an energy producer as well [10], which
may not only cause it to be self-sufficient, but also serve as a
supplier for other sectors [11]. Though Hungary has a bio-ethanol
production significant even in the EU, most of it is exported, and
other methods of energy production (f.e. biogas) are still not taken
advantage of [12]. The above mentioned facts therefore makes the
goal of our research to evaluate possibilities of climate friendly
development for the next program timeframe in the European
Union after 2020, and to determine technology-development paths
which we find to be the best.
2. Material and methods
Due to climate policy goals, and the many faces of the sector we
analysed, we chose to base our evaluation on the benchmarking
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method. Benchmarking in essence is a level-comparison method,
which uses a specifically created indicator system that makes it
possible for us to compare a sector's state both in space and time
[13]. We primarily employ a mechanism which also evaluates
future developments based on the condition system tailored for
the present state of affairs. The reason for choosing this
methodology is that benchmarking is an analysis which can be
shaped at will, and tailored specifically to analysis goals [14, 15].
Our analysis concluded this according to the cornerstones of the
European Union's climate policy, taking the development
processes of Hungary's agriculture which are currently underway
into consideration. Our analysis aspects were the following:
– shares of renewable energy resources in the sector,
– level of energy-efficiency, and opportunities to raise it,
– aspects of decreasing CO2 or GHG emission rates.
It's widely known that the EU values are defined according to
the criteria listed for both 2020 and 2030, therefore, we mainly
concentrated on how successfully will Hungary be able to achieve
these values. Finally, as this analysis evaluates the opportunities
of agricultural low-carbon developments, we were careful in
making sure that all indicators define the technological side of
the analysis aspects. This can be seen in Tables 1, 2 and 3.
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Table 1. Indicator group 1 of the agriculture sector's benchmarking analysis
Abbreviations: "RS1, 2, 3" - state indicators of renewable energy's shares by dimension; 
"RP1, 2, 3" - performance indicators of renewable energy's shares by dimension
Table 2. Indicator group 2 of the agriculture sector's benchmarking analysis
Abbreviations: "ES1, 2, 3" - state indicators of the energy efficiency aspect by dimension; 
"EP1, 2, 3" - performance indicators of the energy efficiency aspect by dimension
Table 3. Indicator group 3 of the agriculture sector's benchmarking analysis
Abbreviations: "CS1, 2, 3" - state indicators of the CO2 decrease aspect by dimension; 
"CP1, 2, 3" - performance indicators of the CO2 decrease aspect by dimension
As Table 1 clearly shows, our indicators were further sorted to
two aspects, state and performance indicator groups. The former
signifies a starting point, the knowledge of which is required for
an overall analysis of the agriculture. The latter is an indicator
based on the former, which makes it possible to measure the static
state indicator element, which can be used to determine the way
and amount of changes in the system. However, for forecasts in
2030, we had to create an analysis basis, which could be used to
relate the assumed state. This is what we designated the year 2020
for, which is the program timeframe's end date for the current
European Union program. Therefore, the indicators above were
defined for 2020 using the currently known basis of 2010 via a
calculation, and after defining the 2010-2020 interval, we were
capable of evaluating the 2020-2030 interval.
Evaluating the indicators listed was required to determine the
external effects (non-marketed influencing factors) in the sector.
Climate policy interpretation of externalities
During our analysis, external effects aren't interpreted as classic
economy does in literature sources [16, 17], but instead are used
to evaluate all positive or negative factors, which may have an
effect on the future changes, engineering development of
agriculture, but are excluded from decisions [18]. As for analyses
which are used to evaluate the appearance of externalities, those
are used to localise market errors, the contradictions of
development paths, and other factors which may aid or impair the
development of the system. During the evaluation of various
indicators, we followed a simple principle - how the given
element influences the sector in its goal to reach climate policy
results. This is how all 3-3 indicators of each group were assigned
a value of (-2), (-1), (0), (1), or (2), where negative numbers
represent under-performance, while positive numbers represent
over-performance. 0 is the optimal operation of the system (best
practice), and any difference compared to this value means
externalities are amassed by the system. In case this shows a
positive change, the system doesn't operate at maximum
efficiency, since it holds potential not taken advantage of. And in
case there are overall negative externalities present, we can say
the system's framework is fundamentally wrong, which has to be
changed before any kind of development actions are taken [19,
20].
3. Results
Based on what we've written in the methodological introduction,
we summarised our research results in Table 4. We followed 3
guidelines when summarising externalities. Guideline "A"
(amount of net positive externalities) required us to
mathematically summarise positive and negative externalities,
which is how we were able to get the net positive values.
Guideline "B" was interesting due to the total amount of
externalities (positive and negative alike) present in the system,
which is why their absolute values were summarised. The most
important guideline was "C", where we checked how much the
share of net positive externalities (A) is in total externalities (B).
Therefore, if the former already produces a negative value, "C"
also became 0%.
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Table 4. Evaluation of the agriculture sector's benchmark analysis
Explanation - A: Net positive externality ∑ (1;3): the amount of positive externalities within various aspects in 2020 
nd 2030, if there are no concrete climate policy developments outside of BAU; B: total externality ABS ∑ (1;3): 
the amount of all externalities in absolute value; C: the share of net positive external effects in the total external effect in
percentage, which shows the dimension of possibility for developing for the analysis' focus sector.
Now, let us see how the structure of externality amassment
changed between analysed intervals. Illustration 1 already shows
the final state in 2030, where the mass of positive externalities
shows unused potentials. This isn't a shock, seeing how decision
makers tend to do their business, as it's been widely known for a
while that agriculture has enough energy production possibilities
not only for itself, but for other sectors as well [21]. However, we
should also use Table 4 to understand what processes concluded
in the sector to reach this state. We can see that the aspects of
renewable energy share and CO2 emission decrease have positive
externality masses already, meaning the system doesn't operate
efficiently even now. Therefore, it's no surprise that not properly
making use of low-carbon technological solutions causes the
wrong framework of raising energy efficiency, which makes this
the only negative externality amassing aspect until 2020,
according to the analysis. The changes seen in the technological
dimension of the sector therefore point to the need for spreading
low GHG emission technological solutions to realise an optimal
agricultural sector from a climate policy perspective, not only in
the long-, but also the short-term.
4. Conclusion
The goal of our analyses was to understand what level of
influence technological development solutions have, or may have
in the agriculture sector's, as a sector under climate policy
regulation, endeavours in reaching long-term goals. Basically, we
began from the hypothesis that the agriculture is a sector with an
energy production potential that can support not only itself, but
other related sectors with environment-friendly green energy. The
analysis' results showed that our previous statement held true,
since not properly used opportunities represented by positive
externalities were concentrated within the agricultural system.
This operation, not even close to efficiency leads to the fact that
apart from energy efficiency, GHG emission decrease, which is
the main goal of climate policy doesn't get enough of a role either.
This fact may pose a serious problem long-term (until 2030, or
2050) not only for our country, but for the EU as well, for two
reasons. One would be that it doesn't help with balancing the
performance of sectors where basically negative operations can
be seen, and even then, we need a high amount of costs to reach
an advantageous GHG emission value. Another would be that
currently unused potentials always cause an emergency, since if
their investments are neglected today, we can't know what price
tag they will have tomorrow. The reasons we listed, and the
research results show that it's highly advised to begin the low-
carbon, intensive development of the sector, as quickly as
possible. The main goal of the climate-friendly developments
may be the realisation of the energy self-sufficient program of the
agricultural system based on energy-efficient agricultural
methods, since it has a relatively low GHG emission prevention
cost, 60-80% less compared to other sectors. The climate friendly
development of agriculture may continue with agriculture
entering the energy supply market after leaving the self-sufficient
level, but this requires the energy resource produced to be
competitive in trade. This may only become a proper alternative
with extremely high (100-130 USD for a Brent of oil) fossilised
energy resource prices, and stable consumption trends, according
to currently available information.  
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